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I. Introduction

Reactive oxygen spices (ROS) such as
singlet oxygen (‘O»), hydrogen peroxide
(HzO2), superoxide anion (O:-), and hydroxyl
(‘OH) radical are often generated as bypro-
ducts of biological reaction or from exogenous
factor”. The involvement of these species in
the pathogenesis of a large number of disea-
ses including rheumatoid arthritis, athero-
sclerosis, skin aging, nephrites, reperfusion
injury, asthma, diabetes mellitus, and carcino—
genesis are well documented®®. A potent sca-
venger of these species may serve as a possi-
ble preventive intervention for free radical-
mediated diseases”. In recent years, there has
been a global trend toward the use of natural
phytochemicals present in .natural resources,
such as fruit, vegetables, oilseeds, and herbs,
as antioxidants and functional foods®™®. In
traditional Korea and Chinese medicine, aqua-
acupuncture solution are used for various dis—
eases. The Circium japonicum is founded wild
in Korea, and is used as a medicinal herb in
Korea' ™, However, very little information is
currently available on the active constituents
present in CJAS the are responsible for its
antioxidant activity, Futhermore, the mechani-
sm of the antioxidant actions of CJAS has yet
to be determined. Hence, the purposes of this
work were to determine the antioxidant pro-
perty of CJAS and to preliminarily define the
active components and mechanism of its

antioxidant action.

1. Materials and Methods

1. Plastics and Chemicals

Unless otherwise specified, all the plas-
tics were from Falcon Labware (Becton-Dic-
kinson, Franklin Lakes, NJ) and 1,1-diphenyl-
2-picrylhydrazyl (DPPH), L-ascorbic acid (vi-
tamin C), tris aminomethane (trizma base),
hydrochloride, EDTA, hypoxanthine, xanthine
oxidase, NaOH, nitro blue tetrazolium (NBT),
deoxyribose, hydrogen peroxide (HxQ0), 2-
thiobarbituric acid (TBA), trichloroacetic acid
(TCA), ferric chloride (FeCls) were purchased
from Sigma Chemical Co. (St. Louis, Mo,
U.S.A). Agarose, ethidium bromide (EtBr), -and
6X -orange-blue dye were obtained from Pro-
mega (Promege, Madison, WI). All other
chemicals used analytical grade and purchased
from either Merck (Merck KGaA, Germany)
or Junsei (Junsei Chemical Co., Ltd. Japan).

2. Preparation of CJAS Exiracts

Circium japonicum was obtained from a
Dongguk Korean Medicine Hospital (Kyung-
ju, Kyungbuk). A 60 g sample of crude plant
was cut into small pieces and then CJAS ad-
ded 500 mf of water and the suspension boiled
for 3 h at 80 C. The crude preparation was
the boiled with absolute ethanol {final concen—
tration 75%, 85% and 90%) for 3 days. The
resulting aqua-acupuncture solution was sub-
sequently filtered through filter paper (What-
man No#l) and centrifuged at 4,000 rpm for
10 min. The collected supernatant was freeze-
dry to give a final weight 3.04 g (yield 5.1%)
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for the dry powder of aqua—acupuncture solu-
tion. A voucher specimen has been deposited
in the herbarium of the Acupoint & Meridian
Laboratory.

3. Scavenging Activity onto DPPH Radicals

Scavenging activity on DPPH free radi-
cals by the CJAS was assessed according to
the method followed by Gyamfi et al'®. Brie-
fly, 50 wf of the CJAS containing varied am-
ounts of powered extract (0.1 to 8 mg/ml
distilled water, respectively, in each reaction)
was mixed with 1 m¢ of 01 mM DPPH
(dissolved absolute ethanol) solution and 450
w0 of 50 mM Tris-HCI buffer (pH 7.4). After
the solution incubated for 30 min at room
temperature, reduction of DPPH free radicals
was measured by reading the absorbance at
517 nm. In this experiment, dose dependent
effects of CJAS as well as L-ascorbic acid on
the reduction of the DPPH radicals was also
determined. The
calculated from the following equation :

% inhibition = [(Abssiz of control - Abssi7 of
sample)/Abssi7 of control] x 100

inhibition percent was

4, Scavenging Activity onto Superoxide Anions

Scavenging activity on superoxide radi-
cals (Oy+) was assessed by the method des—
cribed by Gotoh et al'”. with slight modifi-
cation. Briefly, different concentrations of the
CJAS were added to the reaction solution
containing 100 ¢ of 30 mM EDTA (pH 7.4),
10 w0 of 30 mM hypoxanthine in 50 mM
NaOH, and 100 ¢ of 3 mM nitro blue tetrazo—

lium (NBT). After the solution was preincu-
bated at room temperature for 3 min, 100 uf
of 0.5 U/m¢ xanthine oxidase was added to the
mixture and the volume was brought up to 3
m¢ with 50 mM phosphate buffer (pH 7.4).
After the solution was incubated at room te-
mperature for 20 min, absorbance was mea-
sured at 560 nm.

5. Deoxyribose Assay

Deoxyribose assay to determine the rate
constant for the reactions between either an-
tioxidants and hydroxyl radicals or antioxida-
nts and iron ions was conducted as described
by Halliwell et al'®. with slight modification.

(1) Non-site-specific scavenging assay (hydroxyl
radicals directly, - OH)

50 u¢ of the CJAS containing varied
amounts of powered extract was mixed with 1
m¢ reaction buffer (0.1 mM FeCl, 0.1 mM
EDTA, 15 mM HOs, 25 mM deoxyribose,
and 0.1 mM L-ascorbic acid, pH 7.4) and
incubated for 1 hr at 37 . After the solution
were added to 1 mf 05 % TBA in 0.025 M
NaOH and 1 m¢ of 2.8% TCA and heated for
30 min at 80 €. Finally, the mixture was co~
oled on ice and absorbance was measured at
532 nm using a spectrophotometer (UV2120+,
MECASIS, Korea).

(2) Site-specific scavenging assay (chelate iron
ions)

The ability of CJAS to chelate iron ions

and interfere with hydroxyl radicals genera-

tion, was measured using the same reaction
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buffer without EDTA.

(3) Pro-oxidant effect of the CJAS on iron
dependent hydroxyl radical generation

The ability of the CJAS to reduce the

Fe*-EDTA complex to Fe*~EDTA complex,

acting as pro-oxidant, was tested using the

non-site-specific assay mixture without the

addition of ascorbic acid.

6. DNA Nicking Assay

A DNA nicking assay was performed
using supercoiled pBR322 plasmid DNA pre-
pared from DHb5a using Plasmid Miniprep Kit
(JBI and Welgene, Deagu, Korea)'®. 05 ug of
plasmid DNA was added to Fenton’s reagents
(30 mM H:0,, 0.05 mM ascorbic acid, and 0.08
mM FeCl;) containing different concentration
of the CJAS, and the final volume of the
mixture was brought up to 20 pf. The mixture
was then incubated for 30 min at 37 € and
the DNA was analyzed on a 1.2 % agarose
gel followed by ethidium bromide staining.

7. Statistical Analysis

Experimental results were mean+S.D.
tree parallel measurements. Analysis of vari—
ance was performed by Sigma Plot procedure
(ver. 6.1 for Windows). Significant differences
between means were determined by Student’s
t-test. p values<0.05 were regarded as sig—

nificant.

M. Results

1. Scavenging Effect of GJAS on DPPH Radicals

The free radical scavenging activity of
antioxidants is considered to be due to their
hydrogen—donation ability, we used a method
based on the reduction of DPPH a stable free
radical, to evaluate the antioxidant activity of
various CJAS. DPPH has been widely used to
test the free radical scavenging activity of
various samples. As shown in Figure 1, the
CJAS significantly inhibited the activity of
DPPH radicals in a dose-depentent manner.
But, almost low level inhibition of the anti-
DPPH radical activity was observed when
high-concentration of CJAS was used.

2. Scavenging Effect of CJAS on Superoxide
Anions

Next, we test the scavenging effect of
CJAS on superoxide anions by monitoring the
reduction of NBT induced by superoxide anio-
ns produced by the xanthine oxidase-mediated
degradation of hypoxanthine. Superoxide anion
radicals are prduced endogenously by flavoen—
zymes, xanthine oxidase, which converts hy-
poxanthine to xanthine and subsequently to
uric acid in ischemia-reper—fusion. Superoxide
is generated in vivo by several oxidative
enzyme, including xanthine oxidase. Figure 2
shows that CJAS inhibited NBT reduction
very efficiently. CJAS had strong superoxide
radicals scavenging activity and than activity
was similar to that BHA (data not shown).
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3. Hydroxyl Radical Scavenging: the Deoxyribose
assay

We further investigated the mechanisms
in CJAS -mediated antioxidant
activity, and particularly to determine whether
the CJAS extract decreases hydroxyl radical

generation by chelating metal ions or by

involved

directly scavenging hydroxyl radicals, the
effect of CJAS on hydroxyl radicals generated
by Fe* ions was measured by determining the
degree of deoxyribose degradation, an indica—
tor of TBA-malonaldehyde adduct formation.
As shown in Figure 3, concentration-depen-—
dent inhibition of hydroxyl radical-induced
deoxyribose degradation was observed in the
site-specific and non-site-specific assays. In
contrast, when the ability of CJAS to reduce
the Fe*-EDTA complex was tested to
examine its pro—oxidant activity, there was
completely pro—oxidant activity and then
pro-oxidant effect was not observed all the

concentration (Table 1).

Table 1. Pro—Oxidant Effect of CJAS on Iron-
Dependent Hydroxyl Radical Generation

CIAS (me/nd) | QA SN | mulation
control 1.943 -
0.25 1.782 0 %
05 1.737 0%
1 1.795 0 %
2 1.960 1%
4 1.789 0%
8 1.804 0%

100
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60

Inhibition %

wecie---AgcCOrbic acid
------ ®---CJAS

[ 2 4 [ 8
Concentration (ra/mt}

Figure 1. Free radical scavenging activity of CJAS
measured using the DPPH assay. The
direct scavenging activities of CJAS and
ascorbic acid on DPPH radicals is
expressed as the % inhibition. The
concentrations tested ranged from 0.1 to
8 mg/mf¢. The results are the means of
three separate experiments.

80

Inhibition %
» -3
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3

kG IAS

o 2 4 L] 8
GCancentration (m/mt}

Figure 2. Inhibitory effects of CJAS on NBT
reduction. The inhibitory effects of CJAS
was tested by monitoring NBT reduction
caused by superoxide anions using the
hypoxanthine-xanthine oxidase system,
as described in the Materials and Me-
theds section. The results are expressed
as the mean values of triplicate experi—
ments.

4. Scavenging Effect of GJAS on Fe3+-Depen-
dent DNA Nicking

To measure the scavenging effect of
CJAS on Fe*-dependent hydroxyl radicals,
we investigated whether the sample reduced
Fe*'-dependent DNA nicking (Figure 4, B).
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Figure 3. Inhibitory effects of CJAS on hydroxyl
radical-mediated deoxyribose degrada-
tion. Hydroxyl radicals were generated
by Fenton's reaction using a deoxyribose
assay system, and the non-site-specific
(®) and site-specific (A) scavenging
activities of hydroxyl radicals by CJAS
are expressed as the % inhibition. The
concentration of CJAS tested ranged
from 0.1 to 8 mg/m¢. The results are the
means of three separate experiments.

When pBR322 plasmid DNA was dissolved in
the reaction mixture, a time dependent increa-
se in the formation (Figure 4, A) of single-
stranded nicked DNA and of double-stranded
nicked DNA and linear DNA was observed.
However, the addition of 1 to 4 mg/m¢ of CJAS
to the nicking reaction mixture increased
super-coiled DNA formation. Consequently,
the treatment caused Fe*-mediated double-
stranded DNA formation to disappear and
reduced single-stranded DNA formation.

IV. Discussion

The indirect evidence of the scavenging
activity of CJAS on Fe*'-dependent hydroxyl-
radicals generation was further confirmed
using a direct approach with DPPH radicals, a
stable radical used to evaluate the antioxidant
activity of plant and medicinal herb” ™. In

Form i
Form i
Form#

Figure 4. Inhibitory effect of CJAS on DNA nicking
caused by hydroxyl radicals. The DNA
nicking reaction were initiated by the
addition of 0.5 ug of pBR322 plasmid
DNA.

(A) Lanes 2 through 9 represent the
results from the mixture incubated
for 0, 5, 10, 20, 30, 45, 50 and 60 min,
respectively. Lanes M and 1 show
the size maker and native plasmid
DNA, respectively.

(B) Lanes M and 1 show the size maker
and native plasmid DNA, respec—
tively. Lanes 2, 3 and 4 show the
CJAS treated range from 0.1 to 4
mg/md.

Form I : Supercoiled DNA

Form II : Single strand nicking from

Form III : Double strand nicking form

this assay, the CJAS exhibited weakly DPPH
radical scavenging activity and the activity
was lower than ascorbic acid (Figure 1). But
we suggesting that CJAS is a natural antioxi-
dant. Superoxide anions are the most common
free radicals in vivo and are generated in a
vatiety of biological systems, either by auto-
oxidation processes or by enzymes. The con-

centration of superoxide anions increase under
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conditions of oxygenative stress and related

14,19-20)

situations . Moreover, superoxide anions

produce other kinds of cell-damaging free

radicals and oxidizing agents?

. Therefore, we
used the NBT assay system to test whether
CJAS scavenge superoxide anions. In the
system, xanthine oxidase, which is one of the
main enzymatic sources of ROS in vivo, ge-
nerated superoxide radicals, which consequ-
ently reduced NBT to yield blue formazan.
The active inhibition of the NBT reduction
induced by hypoxanthine-xanthine oxidase by
CJAS (Figure 2) suggests that CJAS is a
potential scavenger of superoxide anions, as
well as hydroxyl radicals. Next, we used a
deoxyribose assay system to confirm the
antioxidant activity of CJAS, and found that
the its inhibited hydroxyl radical-induced
deoxyribose degradation in both non-site-spe—
cific and site-specific assays (Figure 3). In
particular, the CJAS inhibited deoxyribose
degradation by hydroxyl radicals directly ra-
ther than by chelating iron ions. The possible
pro-oxidant activity of CJAS was also asse-
ssed using deoxyribose assays, because it
might become biologically available to catalyze
a free radical reaction at sites of tissue injury,
especially in advanced atherosclerotic lesions
and chronic inflammation®. However, its abi-
lity to reduce the Fe*’'~-EDTA complex, which
represents its ability to stimulate hydroxyl
radical generation, was not observed low to
high concentration of the CJAS were added
(Table 1). These results suggest that the pro-
oxidant activity of CJAS is readily overwhe-

Imed by the antioxidant potential of the
extract. Finally, we initially used an Fe*'~de-
pendent system to test the scavenging activity
of CJAS on radicals generated by iron,
because hydroxyl radicals are known to be the
most reactive of all the reduced forms of
dioxygen and are thought to initiate cell da-
mage in vivo®. The results of DNA experi-
ments showed that the CJAS was an active
scavenger of hydroxyl radicals, such that
DNA nicking was siginificantly prevented by
the presence of CJAS (Figure 4).

In summary, it is well understood that
the generation of ROS beyond the capacity of
a biological system to eliminate them gives
rise to oxidative stress. This stress may play
a role in several diseases, such heart disease,
degenerative neuronal disease, and cance-
rs®% % Our study demonstrated that CJAS
has antioxidant activities. Futhermore, many
biochemical and clinical studies suggest that
natural and synthetic antioxidant compounds
are helpful in treating diseases mediated by

oxidative stresses.
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Abstract

Objectives : Circium japonicum is a pharmacologically active used in traditional Korean medicine.
An aqua-acupuncture solution of the Circium japonicum was assessed to determine the mechanism of
its antioxidant activity.

Materials : Circium japonicum was obtained from a Dongguk Korean Medicine Hospital
(Kyung-ju, Kyungbuk). The freeze-dry powder was collected (yield 5.1%) for the aqua-acupuncture
solution. Scavenging activity on DPPH free radicals by the Circium japonicum aqua-acupuncture
solution (CJAS) was assessed according to the method followed by Gyamfi et al. and then scavenging
activity on superoxide radicals (O2") was assessed by the method described by Gotoh et al. with slight
modification. Deoxyribose assay to determine the rate constant for the reactions between either
antioxidants and hydroxyl radicals or antioxidants and iron ions. We tested by; (1) Non-site-specific
scavenging assay (hydroxyl radicals, ‘OH), (2) Site-specific scavenging assay (chelate iron ions), and (3)
Pro-oxidant effect of the CJAS on iron dependent hydroxyl radical generation. Finally, we determined
hydorxyl radical-mediated DNA nicking formation.

Conclusion : Our study demonstrated that CJAS has antioxidant activities and we investigated the
potential effectiveness of CJAS in preventing oxidative stress-mediated disease further.

Key words : aqua-acupuncture solution, antioxidant, oxidative stress, hydroxyl radicals, DNA nick
formation
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